Optical cavity cooling of mechanical resonators has recently become a research frontier where cooling of the vibrational motion of the resonators has been realized via photo-thermal force [1] and subsequently via radiation pressure [2] [3] [4] . One of the ultimate goals is reaching the vibrational ground state allowing quantum mechanical states of vibration -and the field offers a potential for hybrid quantum devices, and optical engineering of the phonon degrees of freedom. We present a new cavity cooling mechanism in semiconductors due to an optical excitation of carriers above the bandgap and the stress that these carriers introduce in the crystal lattice. The new method proves very power efficient and could potentially help in enabling ground state cooling of vibrational modes of semiconductor resonators. A laser cooled narrow-band phonon bath may open up a new avenue for photonics.
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We have manufactured a 160-nm-thick crystalline gallium arsenide (GaAs) membrane with a very high mechanical Q-factor of up to 2×10 6 . A large photo-induced mechanical damping is achieved in a simple setting where a mirror and the membrane form a cavity with a finesse of only 10.
To prove that the observed damping is due to cooling, frequency domain measurements have been performed. The fundamental mechanical resonance is shown in Fig. 1a for different values of the cavity input power. The area of the resonance, which is proportional to the effective temperature [1] , clearly becomes smaller as the power is increased. The effective temperature can be defined as T eff = T/(Γ eff /Γ 0 ), where Γ eff and Γ 0 correspond to the damping rate due to the cooling light, and the intrinsic damping rate, respectively, with T being the initial room temperature. We attribute the observed cooling to above band-gap photons that excite electrons from the conduction band to the valence band and lead to the electronic stress in the lattice through deformation potential coupling [5] . Fig.  1b presents the cooling factor, Γ eff /Γ 0 , for different photon energies. The cooling factor in this figure is obtained using a time domain method. The change when the light has enough energy to excite electrons above the band gap of GaAs is obvious. It is found possible to cool the fundamental vibrational mode (1,1) to about 20 K and the (3,1) mode down to 4 K using very low photon powers.
The cooling factor is found to be essentially constant for photon energies higher than the band gap energy E g , which rules out photo-thermal cooling that is E-E g dependent [5] . The very low photon numbers that is used show that radiation pressure cooling [2] [3] [4] can be ruled out. These and other arguments show that a new cooling mechanism has been identified.
